APPARATUS AND METHOD TO CONTROL ACCESS TO LOGICAL 
VOLUMES USING PARALLEL ACCESS VOLUMES 
Field Of The Invention 
The invention relates to an apparatus and method to control access to logical 
5 volumes disposed in an information storage and retrieval system when using Parallel 
Access Volumes. 

Background Of The Invehtion 

In hierarchical computer storage systems, fast and intensively used storage are 
paired with arrays of slower and less frequently accessed data devices. One example of 

0 . high-speed, expensive memory is a direct access storage device file buffer (DASD). 

Slower storage devices include tape drives and disk drive arrays. Such tape drives and/or 
disk drive arrays are often located in an information storage and retrieval system, 
sometimes referred to as an automated media storage library. 

Information storage and retrieval systems are known for providing cost effective 

> access to large quantities of stored information, such as backup computer files. 

Generally, such information storage and retrieval systems include information storage 
media, such as a plurality of tape cartridges, a plurality of optical cartridges, a plurality of 
disk arrays, a plurality of electronic storage media, and the like. By electronic storage 
media. Applicants mean a device such as a PROM, EPROM, EEPROM, Flash PROM, 
and the like. A number of different companies manufacture automated media storage 
libraries today, each model displaying various different features. One example is the 
IBM TotalStorage® Enterprise Storage Server. 
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Storage area networks (SANs) are dedicated networks that connect one or more 
hosts or servers to storage devices and subsystems, such as an automated inedia library. 
SANs may utilize an appliance, such as a networked attached storage device (**NASD") 
to provide for management of the SAN. 

What is needed is a method to control access to logical voliraies disposed in an 
information storage and retrievial system when using parallel access volumes, where 
multiple host computers owned by differing persons have access rights to one or more of 
those logical volumes. 

Summary Of The Invention 

Applicants' invention includes an apparatus and method to control access to 
logical volumes disposed in an information storage and retrieval system when using 
parallel access volumes. The method provides an information storage and retrieval 
system comprising a plurality of logical volumes, and a plurality of host computers, 
where each host computers is capable of coinmunicating with the information storage and 
retrieval systenii 

The method forms (N) host computer groups, and assigns each host computer to 
one of the (N) hdst computer groups, such that each host computers is only assigned to 
one host computer group. The method fomis (N) logical volume groups, and assigns all 
or some of the logical volumes to a logical volume group, such that each of the assigned 
logical volumes is only assigned to one logical volume group. 

The method creates a parallel access volume having an alias, and persistently 
aissociates that parallel access volimie with an original base logical volume, where the 
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original base logical volume is assigned to one of the logical volume groups, i.e. the (i)th 
logical volume group, or is unassigned. If the base logical volume is assigned to the (i)th 
logical volume group, the method permits each host computes assigned to the (i)th host 
computer group to access the original base logical volume, or the current base logical 
volume, associated with the parallel access volume. 

Brief Description Of The Drawings 

The invention will be better understood from a reading of the following detailed 
description taken in conjunction with the drawings in which like refermce designators are 
used to designate like elements, and in which: 

FIG. 1 is a block diagriam showing the components of one embodiment of 
Applicants' information storage and retrieval systan; 

FIG. 2 is a block diagram Appliciants' data processing system; 

FIG. 3 is a flow chart summarizing the initial steps of Applicants' method; 

FIG. 4 is a flow chart sunmiarizing certain additional steps of Applicants' 
method; 

FIG. 5A is a block diagram showing multiple host computer applications 
unsuccessfully attempting to access the same logical volume; 

FIG. 5B is a block diagram showing multiple host computer applications 
successftiUy accessing the same logical volume by using parallel access volumes; 

FIG. 6 is a flow chart summarizing certain additional steps of Applicants' 
method; aiid 

FIG. 7 is a flow chart summarizing certain additional steps of Applicants' method. 
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Detailed Description Of The Preferred Embodiments 

Referring to the illustrations, like numerals correspond to like parts depicted in 
the Figures. 

FIG. 2A shows one embodiment of Applicants' data processing system. In the 
illustrated embodiment of FIG. 2 A, system 200 includes a first host computer 210, a 
second host computer 220, and a third host computer 230. Each of the first, second, and 
third host computeris is interconnected with a storage area network ("SAN") 240. SAN 
240 is interconnected with information storage and retrieval system 250. 

System 200 fiirther includes configuration interface 290. In certain embodiments, 
configuiratioh interface 290 is integral with information storage arid retrieval system 250. 
In the illustrated embodiment of FIGs. 2A and 2B, configuration interface 290 is 
interconnected with information storage and retrieval system 250 by communication link 
295. In certain embodiments, communication link 295 comprises the internet 

FIG. 2B shows another embodiment of Applicants' data processing system. In 
the illiistrated embodiment of FIG. 2B, system 201 includes a first host computer 210, a 
second host computer 220, a third host computer 230, information storage and retrieval 
system 250, information storage and retrieval system 260, and configuration interface 
290. Each of the first, second, and third host computers is interconnected with 
information storage and retrieval system 250. 

In certain embodiments, Applicants' data processing system includes one or more 
host computers that communicate with information storage and retrieval system 250 via a 
SAN as illustrated in FIG. 2 A, in combination with one or more host computers that 
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communicate with infomiation storage and retrieval system 250 directly as illustrated in 
FIG. 2B. 

The illustrated embodiments of FIGs. 2A and 2B include three host computers. In 
other embodiments, Applicants' data processing systems 200 / 201 include two host 
computers. In other embodiments/Applicants' data processing systems 200 / 201 include 
more than three host computers. 

Host computer 210 comprises a computer system, such as a mainframe, personal 
computer, workstation, and combinations thereof, including an operating system 212 
such as Windows, AK, Unix, MVS, LINUX, etc. (Windows is a registered trademark of 
Microsoft Corporation; ADC is a registered trademark and MVS is a tradraiark of IBM 
Cbiporation; and UNIX is a registered trademark in the United States and other coxmtries 
licensed exclusively through The Open Group.) In certain embodiments, host computer 
210 further includes a second operating system 218 such as, for example, Windows, ADC, 
Unix, MVS, LINUX, etc. 

In certain embodiments, host computer 210 includes a storage management 
program 2 1 4. The storage management program 2 1 4 in the host computer 2 1 0 may 
include the functionality of storage management type programs known in the art that 
manage the transfer of data to a data storage and retrieval system, such as the IBM 
DFSMS implemented in the IBM MVS operating system. 

Storage management program 214 may include known storage management 
program functions, such as recall and migration. The storage management program 214 
may be implemented within the operating system 212 of the host computer 210 or as a 
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separate, installed application program 216. Altanatively, storage management program 
214 may include device drivers, backup software, application programs 216, and flie like. 

Host computer 220 comprises a computer system, such as a mainframe, personal 
computer, workstation, and combinations thereof, including an operating system 222 
5 such as Windows, AIX, Unix, MVS, LINUX, etc. In certain embodiments, host 
computer 220 further includes a second operating system 228 such as, for example, 
Windows, AIX, Unix, MVS, LINUX, etc. 

In certain embodiments, host computer 220 includes a storage management 
program 224. The storage management program 224 in the host computer 220 may 
0 include the functionality of storage management type programs known in the art that 
manage the transfer of data to a data storage and retrieval system, such as the IBM 
DFSMS implemented in the IBM MVS operating system. 

Storage management progrmn 224 may include known storage management 
program fimctions, such as recall and migration. The storage management program 224 
may be implemented within the operating system 222 of the host computer 220 or as a 
separate, installed application program 226. Alternatively, storage management program 
214 may include device drivers, backup software, application programs 226, and the like. 

Host computer 230 comprises a computer system, such as a mainframe, personal 
computer, workstation, and combinations thereof, including an operating system 232 
such as Windows, ADC, Unix, MVS, LINUX, etc. In certain embodiments, host 
computer 230 further includes a second operating system 238 such as, for example, 
Windows, ADC, Unix, MVS, LINUX, etc. ' 
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In certain embodiments, host computer 230 includes a storage management 
program 234. The storage management program 234 in the host computer 230 may 
include the functionality of storage management type programs known in the art that 
manage the transfer of data to a data storage and retrieval system, such as the IBM 
DFSMS implonented in the IBM MVS operating system. 

Storage management program 234 may include known storage management 
program functions, such as recall and migration. The storage management program 234 
may be implemented within the operating system 232 of the host computer 210 or as a 
separate, installed application program 236. Alternatively, storage management program 
234 may include device drivers, backup software, application programs 236, and the like. 

In the illustrated embodiment of FIG. 2A, hbst computer 210 is capable of 
communicating with SAN 240 via a plurality of cominunicatibn links 219. In the 
illustiated anbodimrait of FIG. 2A, plurality of communication links 219 includes 
communication links 21 1^ 213, 215, and 217. In other embodiments, host computer 210 
is capable of coimnunicating wifli SAN 240 via fewer than four communication links. In 
other embodiments, host computer 210 is capable of communicating with SAN 240 via 
more than four communication links, in certain embodiments, conimunication links 211, 
213, 215, and 217, are each selected from the group consisting of a serial interconnection, 
such as RS-232 or RS-422, an Ethernet interconnection, a SCSI interconnection, a Fibre 
Channel interconnection, an ESCON interconnection, a FICON interconnection, a Local 
Area Network (LAN), a private Wide Area Network (WAN), a public wide area network. 
Storage Area Network (SAN), Transmission Contix)l Protocol/Internet Protocol (TCP/IP), 
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the Internet, or other interconnections and/or protocols as is known to those of skill in the 
art. 

In the illustrated embodiment of FIG. 2A, host computer 220 is capable of 
communicating wifli SAN 240 via a plurality of communication links 229. In the 
illustrated embodiment of FIG. 2A, plurality of communication links 229 includes 
communication links 221, 223, 225, and 227. In other embodiments, host computer 220 
is capable of commimicating with SAN 240 via fewer than four communicatibn links. In 
other embodiments, host computer 220 is capable of communicating with SAN 240 via 
more than four communication links. In certain embodiments, communication links 22 1 , 
223, 225, and 227, are each selected fix)m the group consisting of a serial interconnection, 
isuch as RS-232 oi* RS-422, an Ethernet interconnection, a SCSI interconnectioh, a Fibre 
Channel intercoraiectioh, an ESCON interconnection, a FICON interconnection, a Local 
Area Network (LAN), a private Wide Area Network (WAN), a public wide area network. 
Storage Area Network (SAN), Transmission Control Protocol/IntOTiet Protocol (TCP/IP), 
the Internet, or other interconnections and/or protocols as is known to those of skill in the 
art. 

In the illustrated OTibodimrait Of FIG. 2A, host computer 230 is capable of 
communicating with SAN 240 via a plurality of communication links 239. hi the 
illustrated embodiment of FIG. 2A, plurality of communication links 239 includes 
communication links 23 1, 233, 235, and 237. In other embodiments, host computer 230 
is capable of communicating with SAN 240 via fewCT than four communication links, hi 
other embodiments, host computer 230 is capable of communicating with SAN 240 via 
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more than four communicatibn links. In certain embodiments, communication links 23 1 , 
233, 235, and 237, are each selected from the group consisting of a serial interconnection, 
such as RS-232 or RS-422, an Ethernet interconnection, a SCSI interconnection, a Fibre 
C3iannel interconnection, an ESCON interconnection, a FICON interconnection, a Local 
5 Area Network (LAN), a private Wide Area Network (WAN), a public wide area network. 
Storage Area Network (SAN), Transmission Control Protocol/Intemet Protociol (TCP/IP), 
the Internet, or other interconnections and/or protocols as is known to those of skill in the 
art. 

SAN 240 comprises a storage area network, and in certain embodiments may 
include NASD 245. NASD 245 includes controller 246 and memory 247. 

SAN 240 is capable of communicating with information stoirage and retrieval 
system 250 via a plurality of commuiiicatioiti links 270. hi the illustrated embodiment of 
FIG. 2 A, plurality of communication links 270 includes communication links 272, 274, 
and 276» In other embodiments, plurality of conuhunication links 270 includes fewer 
than three communication links. In otho* embodiments, plurality of communication links 
270 includes more than thiree communication links. In certain embodiments, 
communication links 272, 274, and 276, are each selected from the group consisting of an 
Ethernet interconnection, a SCSI interconnection, a Fibre Channel interconnection, an 
ESCON interconnection, a FICON interconnection, a Local Area Network (LAN), a 
private Wide Area Network (WAN), a public wide area network. Storage Area Network 
(SAN), transmission Conti-ol Protocol/Intemet Protocol (TCP/IP), the hitemet, or other 
interconnections and/or protocols as is known to those of skill in the art. 
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In the illustrated embodiment of FIG. 2B, host computer 2 10 is capable of 
communicating with information storage and retrieval system 250 via a plurality of 
communication links 219. In the illustrated embodiment of FIG. 2B, plurality of 
communication links 219 includes communication links 21 1, 213, 215, and 217. In other 
5 embodiments, host computer 210 is capable of conmiunicating with information storage 
and retrieval system 250 via fewer than four communication links. Li other 
embodiments, host computer 210 is capable of communicating with information storage 
and retrieval system 250 via more than four communication links. In CCTtain 
embodiments, communication links 21 1, 213, 215, and 217, are each selected from the 

1 0 group consisting of an Ethernet intercpnnectibn, a SCSI interconnectioh, a Fibre Channel 
interconnection, an ESCON interconnisction, a FICON interconnectiori, a Local Area 
Network (LAN), a private Wide Area Network (WAN), a public wide area network, 
Storage Area Network (SAN), Transmission Control Protocol/Intemet Protocol (TCP/IP), 
the Internet, or other interconnections and/or protocols as is known to those of skill in the 

15 art. 

In the illustrated embodiment of FIG. 2B, host computer 220 is capable of 
communicating with information storage and I'etrieval system 250 via a plurality of 
communication links 229. In the illustrated embodiment of FIG. 2B, plurality of 
communication links 229 includes communication links 221, 223, 225, and 227. hi other 
20 embodiments, host computer 2 1 0 is capable of communicating with information storage 
and retrieval system 250 via fewer than four communication links. In other 
embodiments, host computer 210 is capable of communicating with information storage 
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and retrieval system 250 via more than four communication links. In certain 
embodiments, communication links 221, 223, 225, and 227, are each selected from the 
group consisting of an Ethernet interconnection, a SCSI interconnection, a Fibre Channel 
interconnectioh, an ESCON interconnection, a FICON interconnection, a Local Area 
5 Network (LAN), a private Wide Area Network (WAN), a public wide area network, 
Storage Area Network (SAN), Transmission Control Protocol/Intemet Protocol (TCP/IP), 
the Internet, or other interconnections and/or protocols as is known to those of skill in the 
art. 

Li the illustrated embodiment of FIG. 2B, host computer 230 is capable of 
communicating with information storage and retrieval sykem 250 via a plurality of 
communication links 239. In the illustrated embodiment of FIG. 2B, plurality of 
communication links 239 includes communication links 231, 233, 235, and 237. In other 
embodiments, host computer 210 is capable of communicating with information storage 
arid retrieval ^tein 250 via fewer than four coinmimication links. In other 
onbodiments, host cbmputer 210 is capable of coinmunicating with information storage 
and retrieval system 250 via more than four communication links. In certain 
embodiments, communication links 23 1, 233, 235, and 237, are each selected ftoni the 
group consisting of an Ethemet interconnection, a SCSI interconnection, a Fibre Channel 
interconnection, an ESCON intaconnection, a FICON intercbrinection, a Local Area 
Network (LAN), a private Wide Area Network (WAN), a public wide area network. 
Storage Area Network (SAN), Transmission Control Protocol/Intemet Protocol (TCP/IP), 
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the Internet, or other interconnections and/or protocols as is known to those of skill in the 
art. 

In the illustrated embodiments of FIGs. 2A and 2B, information storage and 
retrieval system 250 is shown further including logical volumes 251, 252, 253, 254, 255, 
256, and 257. In other embodiments, information storage and retrieval system 250 
comprises more than seven logical volumes. 

Information storage and retrieval system 260 includes controller 268 and non- 
volatile memory 269. In the illustrated embodiments of FIGs. 2A and 2B, inforaiation 
storage and retrieval system 260 is shown further including logical volumes 261, 262, 
263, 264, 265, 266, arid 267. In other embodiments, information storage and retrieval 
system 260 comprises more than sevra logical volumes. 

Information storage and retrieval system 250 is capable of communicating with 
information storage and retrieval system 260 via a plurality of communication links 280. 
In the illusb-ated embodiments of FIGs. 2A and 2B, plurality of communication links 280 
includes communication links 282, 284, and 286. In other embodiments, plurality of 
communication links 280 includes fewer than three communication links. In other 
embodiments, plurality of communication links 280 includes more than three 
communication links. , 

In certain embodiments, the logical volumes disposed in Applicants* information 
storage and retrieval system are written to one or more DASD devices. In certain 
embodiments, the logical volumes disposed in Applicants' information storage and 
retrieval system are written to one or more hard disks. In certain embodiments, the 
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logical volumes disposed in Applicants' information storage and retrieval system are 
written to one or more hard disks, where those hard disks are configured in one or more 
hard disk arrays. In certain embodiments, the logical volumes disposed in information 
storage and retrieval system are written to one or more magnetic tapes. 

In certain embodiments, Applicants' information storage and retrieval system 250 
comprises an automated media library comprising a plurality of tape cartridges, one or 
more robotic accessors, and one or more tape drives. U.S. Pat. 5,970,030, assigned to the 
common assignee herein, describes such an automated media library and is hereby 
incorporated by reference. In certain embodiments. Applicants' information storage and 
retrieval system 250 comprises a virtual tape system. U.S. Pat. No. 6,269,423, assigned 
to the common assignee herein, describes such a virtual tape system, and is hereby 
incorporated by reference. Iii certain embodiments, Applicants' information storage and 
retrieval system 250 comprises information storage and retrieval system 100 (FIG. 1). 

Referring now to FIG. 1, Applicants' information storage and retrieval system 
100 includes a first cluster lOlA and a second cluster lOlB. Each cluster includes a 
processor portion 1 30 / 140 and an input/output portion 1 60 / 1 70. Internal PCI buses in 
each cluster are connected via a Remote I/O bridge 155 / 165 between the processor 
portions 1 30 / 140 and I/O portions 1 60 / 1 70, respectively. 

Information storage and retrieval system 100 further includes a plurality of host 
adapters 102 - 105, 107 - 1 10, 1 12 - 1 15, and 1 17 - 120, disposed in four host bays 101, 
106, 1 1 1, and 1 16. In certain embodiinents, each host adapter may comprise one Fibre 
Channel port, one FICON port, two ESCON ports, or two SCSI ports. In otiier 
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embodiments, inforaiation storage and retrieval system 100 includes other port types 
implementing other protocols known to those skilled in the art. Each host adapter is 
connected to both clusters through one or more Common Platform Interconnect buses 
121 and 1 50 such that each cluster can handle I/O from any host adapter. 

Processor portion 130 includes processor 132 and cache 134. Processor portion 
140 includes processor 142 and cache 144. I/O portion 160 includes non-volatile storage 
C WS") 162 and NVS batteries 164. I/O portion 170 includes NVS 172 and NVS 
batteries 174. 

I/O portion 160 further comprises a plurality of device adapters^ such as device 
adapters 165, 166, 167, and 168, arid sixteen disk drives organized into two disk arrays, 
namely array "A" and array ^'fi". In certain' embodiments, hard disk arrays "A" and "B" 
utilize a RAID protocol. As those skilled in the art will appreciate, a RAID (Redundant 
Array of Independent Disks) rank combines multiple inexpensive disk drives into an 
array of disk drives to obtain performance, capacity and reliability that exceeds that of a 
single large driye. 

In certain embodiments, arrays "A" and '*B" comprise what is sometimes called a 
JBOD array, i.e. ^^Just a Bunch Of Disks " where the array is not configured according to 
RAID. The illustrated embodiment of FIG. 1 shows two hard disk arrays. In other 
. embodiments, Applicants' information storage and retrieval system includes more than 
two hard disk arrays. 

Hard disk array "A" includes disk drives 181, 182, 183, 184, 191, 192, and 193. 
Harddiskarray"B" includes disk drives 185, 186, 187, 188, 195, 196, 197, and 198. In 
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the illustrated embodiment of FIG. 1, each loop includes at least two spare disks, namely 
disks 184 and 195. Each of the hard disk arrays includes one of those spare disks. 

Referring again to FIG. 2, in certain embodiments, host computer 210 is owned 
by a first person. In certain embodiments, host computer 220 is owned by a second 
person. In certain embodiments, host computer 230 is owned by a third person. In 
certain embodiments, two or more of the first person, the second person, and/or the third 
person, differ. As those skilled in the art will appreciate, it is desirable to limit access by, 
for example, the first person to only logical volumes comprising information owned by 
that first person. Similarly, it is desirable to limit access by the second person and by the 
third person to logical volimies comprising information owned by that second person or 
third person, respectively. 

In certain embodiments, the storage system which includes storage area network 
240 and Monnation storage and retrieval system 250 are owed b In 
certain embodiments, that fourth person differs from the first person, the second person, 
and/or the third person. In order to limit the access by the first person, and/or the second 
person, and/or the third person, to some but not ^1 the logical volumes disposed in 
information storage and retrieval system 250, the fourth person must implement an 
apparatus and method to control access to the logical volumes disposed in information 
storage and retrieval system 250. This is particularly true when data processing system 
200 is capable of using parallel access volumes. 

Applicants' invention includes a method to control access to logical volumes 
disposed in an information storage and retrieval system when using parallel access 
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volumes ("PAV"). A parallel access volume consists of a base logical volume and an 
associated logical alias. In certain embodiments, alias, and hence the number of PAVs, to 
be assi^ed to each base device is determined by the parallel access volume's 
configuration application at IPL time or at flie time a base device is varied online. In 
certain embodiments, the parallel access volume configuration application comprises an 
ESS Specialist algorithm. 

The PAV feature of Applicants' information storage and retrieval system allows 
alias devices to be assigned to base logical volumes to inraease the parallelism of I/O 
requests to the base logical volume. For example and referring now to FIG. 5A, host 
computer applications 501, 502, and 503, are rUnmrig on one host computer, such as for 
example host computer 210 (FIG. 2). . That host computer has access rights to logical 
volume 510. In the illustrated embodiment of FIG. 5A, application 502 is executing I/O 
operations using logical volimie 510. Applications 501 and 503 have requested access to 
logical volume 5l0; The operating sj^tem in host computer 210 determines, however, 
that tJCB 51 0 is busy. The operating sj^tem then blocks the access requests of 
applications 501 and 503, and those requests are queued for later processing. 

In the illustrated embodiment of FIG. 5B, application 502 is performing I/O 
operations with logical volume 510. At the same time, application 501 is performing I/O 
operations with logical volume 510. iBecause UCB 510 is busy, tiie I/O operations for 
application 501 are steered by the host computer operating system to UCB IFF and 
logical volume IFF, where logical volume IFF does not actually exist Rather, logical 
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volume IFF is a PAV with logical volume 510 comprising the base logical volume for 
thatPAV. 

At the same time, application 503 is performing I/O operations with logical 
volume 510, Because UCB 510 is busy, the I/O operations for application 503 are 
steered by the host computer operating system to UCB IFE arid logical volume IFE, 
where logical volume IFE does not actually exist. Rather, logical volume IFE is a PAV 
with logical volume 510 comprising the base logical volume for that PAV. 

If only two PAVs, i.e. PAVs IFF and IFE are assigned to logical volume 510, 
and if a fourth application running on host compiitCT 210 requests simultaneous access 
rights to logical voiiiine 5 1 0, the operating system m host computer 2 1 0 can either queue 
tfiat request for later processing, or move another alias to point at base logical volume 
510. In certain embodiments, the Work Load Manager and Input / Ou^ut Supervisor 
elements of a host computerj such as hoist computer 210, 220, and/or 230, are capable of 
automatically managing alias. Using these functions, a host computer can autonomically 
reassign alias to meet workload demands. Applicants' niethod to control access to logical 
volumes disposed in an information storage and retrieval system using PAVs determines 
the base logical volume associated with a requested PAV; If that base logical volume is 
assigned to the (k)th logical volume group, and if the requesting host computer is 
aissigned to the (k)th host computer group, then Applicants' method permits the 
requesting host computer to access the base logical volume via the requested PAV. 

FIG. 3 summarizes the initial steps in Applicants' method. Referring now to FIG. 
3, in step 310 Applicants' method provides an information storage and retrieval system, 
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such as system 250 (FIG. 2), where that information storage and retrieval system includes 
a plurality of logical volumes, such as plurality of logical volumes 262, 264, 266, 268, 
272,274,276. 

In step 320, Applicant's method provides a plurality of host computers, such as 
host computer 210, 220, 230, where each of those host computers are capable of 
communicating with the information storage and retrieval system. 

In step 330, Applicant's method forms (N) host computer groups, where (N) is 
equal to or greater thiari 1 . fii certain embodiments, one or tiiore of those host computer 
groups includes one host computer. In certain embodiments, one or more of those host 
computer groups includes two or more host computers. In certain embodiments, step 330 
is performed by a storage system owner and/or operator, such as the owner and/or 
operator of information storage and retrieval system 250 (FIG. 2). In certain 
embodiments, step 330 is performed by a controller, such as controller 252, disposed in 
Applicants* information storage and retrieval system. 

In step 340, Applicants' method assigns each host computer capable of 
communicating with the information storage and retrieval system to one of the (N) host 
computer groups, such that an assigned host computer is oiily assigned to one of the (N) 
host computer groups. In certain embodiments, step 340 is performed by a storage 
system owner and/or operator, such as the owner and/or operator of information storage 
and retrieval system 250 (FIG. 2). In certain embodiments, step 340 is performed by a 
controller, such as controller 252, disposed in Applicants' inforaiation storage and 
retrieval system. 
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In step 350, Applicants' method fonns (N) logical volume groups. In certain 
embodiments, step 350 is performed by a storage system owner and/or operator, such as 
the owner and/or operator of information storage and retrieval system 250 (FIG. 2). In 
certain embodiments, step 350 is performed by a controller, such as controller 252, 
disposed in Applicants' information storage and retrieval system. 

In step 360, Applicants' method assigns one or more of the plurality of logical 
volumes of step 310 to one or more of the (N) logical volume groups of step 350, such 
that each assigned logical volume is assigned to a singje logical volume group. In certain 
embodiments, step 360 is performed by a storage system owner and/or operator, such as 
the owner arid/or operator of information storage and retrieval system 250 (FIG. 2). In 
certain embodiments, step 360 is performed by a controller, such as controller 252, 
disposed in Applicants' infonnation storage and retrieval systrai. In the event one or 
more logical volumes are not assigned to any of the (N) logical volumes groups, then 
those volumes remain ^^massigned," 

In step 370, Applicants' method creates a parallel access volume ("PAV") 
comprising an alias. In certain embodiments, step 370 is performed by a storage system 
owner and/or operator, such as the owner and/or operator of information storage and 
retrieval system 250 (FIG. 2). In certain embodiments, step 370 is performed by a 
controller, such as controller 252, disposed in Applicants' information storage and 
retrieval system. 

In step 380, Applicants' method associates the PAV and alias of step 370 to an 
original base logical volume. If the alias for the PAV is not later reassigned to a different 
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base logical volume, then the PAV's current base logical volume remains the original 
base logical volume. The association of the PAV and alias of step 370 to an original base 
logical volume is a persistent relationship which siirvives subsequent changes to the 
configuration of the PAV and/or alias and/or base logical volxmie. For example, even if 
the alias is reassigned to a different base logical volume, which then becomes the current 
base logical volume, the relationship between the PAV and the original base logical 
volume persists. 

In step 390, Applicants* method pemiits each host compute assigned to the (i)th 
host computer group to direct I/O operations to the current base logical volume 
associated with the PAV of step 380 if that current base logical volume is assigned to the 
(i)th logical volume group. 

Referring now to FIG. 4, in step 410 Applicants' information storage and retrieval 
system, such as system 200 (FIG. 2), receives a request fi-om an interconnected host 
computer, such as host computer 210 (FIG. 2), to access a designated logical volume, 
where the designated logical volume could be a PAV associated with a base logical 
volume. 

In step 420, Applicants' method determines that the requesting host is assigned to 
the (j)th host computer group, wherein (j) iS greater than or equal to 1 and less than or 
equal to (N). In certain embodiments, step 420 is performed by a controller, such as 
controller 252 (FIG. 2), disposed in Applicants' information storage and retrieval system, 
such as system 250 (FIG. 2). 
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Applicants' method transitions from step 420 to step 430 wherein the method 
determines if the designated volume is a parallel access volume. In catain embodiments, 
step 430 is performed by a controller, such as controller 252 (FIG. 2), disposed in 
Applicants' information storage and retrieval system, such as system 250 (FIG. 2). In 
certain embodiments, step 430 is performed by a NASD, such as NASD 245, 
interconnected to a storage area network, such as SAN 240. 

If Applicants' method determines in step 430 that the designated logical volume is 
not a PAV, then the method transitions from step 430 to step 440 wherein the method 
determines if the designated logical volume of step 410 is assigned to the (j)th logical 
volume group. In certain embbdirnents, step 440 is performed by a controller, such as 
controller 252 (FIG. 2), disposed in Applicants' information storage and retrieval system, 
such as system 250 (FIG. 2). 

If Applicants' inethod determines m step 440 that the designated logical volume 
of step 410 is assigned to the (j)th logical volume group, then the method transitions from 
step 440 to step 450 wherein the method permits the requesting host computer, assigned 
to the (j)th host computer group, to access the designated logical volume which is 
assigned to the Q)ih logical volume group. Alternatively, if Applicants' method 
determines in step 440 that the designated logical volume of step 410 is not assigned to 
the 0)th logical volume group, then the method transitions from step 440 to step to step 
460 wherein the method does not permit the requesting host cohiputer, assigned to the 
(j)th host computer group, to access the designated logical volume which is not assigned 
to the 0)th logical volume group. 
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If Applicants* method determines in step 430 that the designated logical volume is 
a PAV, then the method transitions from step 430 to step 470 wherein the method 
determines the current base logical volume associated with the designated PAV of step 
410. In certain embodiments, step 470 is p^fomied by a controller, such as controller 
5 252 (FIG. 2), disposed in Applicants' information storage and retrieval system, such as 
system 250 (FIG. 2). In certain embodiments, step 470 is performed by a NASD, such as 
NASD 245, interconnected to a storage area network, such as SAN 240. 

Applicants' method transitions from step 470 to step 480 wherein the method 
determines if the current base logical volume identified in step 470 is assigned to the (j)th 
0 logical volume group. In certain embodiments, step 480 is performed by a controller, 
such as controller 252 (FIG. 2), disposed in Applicants' information storage and retrieval 
system, such as system 250 (FIG. 2). 

If Applicants' method determines in step 480 that the current base logical volume 
identified in step 470 is assigned to the (j)th logical volume group, then the method 
) transitions from step 470 to step 450 wherein the rriethod permits the requesting host 
computer, assigned to the (j)th host computer group, to access the current base logical 
volume identified in step 470 which is assigned to the (j)th logical volume group. 
Alternatively, if AppUcants' method determines in step 480 that the base logical volume 
identified in step 470 is not assigned to the (j)th logical volume groxip, then the method 
transitions from step 480 to step to step 460 wherein the method does not permit the 
requesting host computer, assigned to the 0')th host computer group, to access the current 
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base logical volume identified in step 470 which is not assigned to the (j)th logical 
volume giroup. 

FIGs. 6 and 7 summarize the steps of Applicants' method to assign, unassign, or 
delete an original base logical volume or a current base logical volume, and/or to reassign 
or delete an alias. 

Referring now to FIG. 6, in step 610 Applicants* information storage and retrieval 
system receives a request to assign, unassign, or delete an original base logical volume or 
a cibxent base logical volume, arid/or to reassign or delete an alias. In step 615, 
Applicants' information storage and retrieval system determines if the request comprises 
reassigning an ^ias to a new base logical volume. In certain embodiments, step 615 is 
performed by a controller, such as controller 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval system, such as system 250 (FIG. 2). 

If Applicants' information storage and retrieval system determines in step 615 
that the request comprises reassigning an alias to a new base logical volume, then 
Applicants* method transitions froih step 615 to step 620 wherein the method determines 
if the proposed new base logical volume is assigned to the same logical volume group as 
the current base Ibgical volume. In certain embodiments, step 6 i 5 is perforined by a 
controller, such as controller 252 (FIG. 2), disposed in Applicants* information storage 
and retrieval system, such as system 250 (FIG. 2). 

If Applicants' information storage and retrieval system deteraiines in step 620 
that the proposed new base logical volume is assigned to the same logical volume group 
as the current base logical volume, then the method transitions from step 620 to step 625 
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wherein the method reassigns the alias to the new base logical volume. In certain 
embodiments, step 625 is performed by a controller, such as controller 252 (FIG. 2), 
disposed in Applicants' information storage and retrieval system, such as system 250 
(FIG. 2). 

Altematively, if Applicants' information storage and retrieval system determines 
in step 620 that the proposed new base logical volume is not assigned to the same logical 
volume group as the original base logical volume, then the method transitions from step 
620 to step 630 wherein the method denies the request to reassign the alias. In certain 
embodiments, step 630 is performed by a controller, such as controller 252 (FIG. 2), 
disposed in Applicants' information storage and retrieval system, such as system 250 
(FIG. 2). 

If Applicants' information storage and retrieval system determines in step 615 
that the request does nbt comprise reassigning an alias, then the method transitions from 
step 615 to step 635 wherein the method determines if the request comprises deleting the 
alias. In certain einbodiments, step 635 is performed by a controller, such as controller 
252 (FIG. 2), disposed in Applicants' information storage and retrieval system, such as 
system 250 (FIG. 2), If Applicants* information storage and retrieval system determines 
in step 635 that the request comprises deleting an alias, then the method transitions from 
step 635 to step 640 wherein the method deletes that alias. In CCTtain embodiments, step 
640 is performed by a controller, such as controller 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval system, such as system 250 (FIG. 2). 
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If Applicants' information storage and retrieval systan determines in step 635 
that the request does not comprise deleting an alias, then the method transitions from step 
635 to step 645 wherein the information storage and retrieval system determines if the 
request comprises assigning an original base logical volume associated with a PAV. In 
certain embodiments, step 645 is performed by a controller, such as controller 252 (FIG. 
2), disposed in Applicants* information storage and retrieval system, such as system 250 
(FIG. 2). If Applicants' information storage and retrieval system determines in step 645 
that the request comprises assigning the original base logical volume to a logical volume 
group, then the method transitions from step 645 to step 650 wherein the information 
storage and retrieval system deterinines if the current base logical volume differs from 
the original base logical volume. In certain embodiments, step 650 is performed by a 
contfoUer, such as controller 252 (FIG. 2), disposed in Applicants' information storage 
and retrieval system, such as system 250 (FIG. 2). 

If Applicants' information storage and retrieval system determines in step 650 
that the current base logical volume does not differ frbm the original base logical volume, 
then the method transitions from step 650 to step 660 wherein the method assigns the 
original base logical yblume. In certain embodiments, step 660 is perforaied by a 
controller, such as controller 252 (FIG. 2), disposed in Applicants' information storage 
and retrieval system, such as system 250 (FIG. 2). Alternatively, if Applicants' 
information storage and retrieval system determines in step 650 that the current base 
differs from the original base, then the method transitions from step 650 to step 655 
wherein the information storage and retrieval system changes the current base logical 
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volume to the original base logical volume. In certain embodiments, step 655 is 
performed by a controller, such as controller 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval system, such as system 250 (FIG. 2). Applicants' 
method transitions from step 655 to stq) 660. 

If Applicants' information storage and retrieval system determines in step 645 
that the request does not comprise assigning an original base logical volume, then the 
method transitions from step 645 to step 670 wherein the information storage and 
retrieval system detemiines if the request comprises unassigning an original base logical 
volume, associated with a PAV, from a logical Volume group. In certain embodiments, 
step 670 is performed by a controller, such as controller 2^2 (FIG. 2), disposed in 
Applicants' information storage and retrieval system, such as system 250 (FIG. 2). 

If Applicants' mformation storage and retrieval system determines in step 670 
that the request comprises unassigning an original base Ibgical group associated with a 
PAV, then the mefliod transitions from step 670 to step 675 wherein the information 
storage and retrieval system determines if the ciurait base logical volume associated with 
that PAV differs from the original base logical voluine. hi certain embodim^its, step 675 
is performed by a confroUer, such as confroUer 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval system, such as system 250 (FIG. 2). 

If Applicants' information storage and retrieval sj^tem determines in step 675 
that the current base does not differ from the original base logical volume, then the 
liiethod transitions from step 615 to step 690 wherein the method linassigns the original 
base logical volume from a previously-assigned logical volurhe group. In certain 
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embodiments, step 690 is performed by a controller, such as controller 252 (FIG. 2), 
disposed in Applicants' information storage and retrieval system, such as system 250 
(FIG. 2). Alternatively, if Applicants' information storage and retrieval system 
determines in step 675 that the current base differs from the original base, then the 
5 method transitions from step 675 to step 680 wherein the information storage and 
retrieval system changes the current base logical volume to the original base logical 
volimie. In certain embodiments, step 680 is performed by a controller, such as 
controller 252 (FIG. 2), disposed in Applicants' information storage and retrieval system, 
such as system 250 (FIG. 2). Applicants' method transitions from step 680 to step 690 
1 0 wherein the method unassigns the original base logical volume from a previously- 
assigned logical volumie group. , 

If Applicants' information storage and retrieval system determines in step 670 
that the request does not comprise imassigning an original base logical volume, then the 
method transitions from step 670 to step 710 (FIG. 7) wherein the information storage 
and retrieval system determines if the request of step 610 comprises deleting an original 
base logical volume associated with a PAV. In certain embodiments, step 710 is 
performed by a controller, such as controller 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval system, such as system 250 (FIG. 2). If Applicants' 
method determines in step 710 that the request comprises deleting an original base logical 
volume, then the method transitions frbin step 710 to step 715 wherein the information 
storage and retrieval system deletes the original base logical volxmie associated with a 
PAV and the PAV's alias. In certain embodiments, step 715 is performed by a controller, 
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such as controller 252 (FIG. 2), disposed in Applicants' information storage and retrieval 
system, such as system 250 (FIG. 2). 

If Applicants' information storage and retrieval system determines in step 710 
that the request of step 610 does not comprise deleting an original base logical volume, 
then the method transitions from step 710 to step 720 wherein the information storage 
and retrieval system determines if the request of step 610 comprises assigning a current 
base logical volume associated with a PAV. In certain embodiments, step 720 is 
performed by a controller, such as controller 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval systeni, such as system 250 (FIG. 2). If the information 
storage and retrieval system determines in step 720 that the request comprises assigning 
the current base logical volume associated with a PAV, then the method transitions from 
step 720 to step 725 wherein the infonnation storage and retrieval system determines if 
the current base logical volxime associated with the PAV differs from the original base 
logical volume. In certain embodiments, step 725 is performed by a controller, such as 
controller 252 (FIG. 2), disposed in Applicants' infonnation storage and retrieval system, 
such as systiem 250 (FIG. 2). 

If Applicants' information storage and retrieval sj^tem determines in step 725 
that the current base logical volume differs from tiie original base logical volume, then 
the method transitions from step 725.to step 730 wherein the information storage and 
retrieval system reassigns the PAV's alias to the original base logical volume. In certain 
embodiments, step 680 is performied by a controller, such as controller 252 (FIG. 2), 
disposed in Applicants' informiation storage and retrieval system, such as system 250 
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(FIG. 2). Applicants' method transitions from step 730 to step 735 wherein the 
information storage and retrieval system assigns the current bise logical volume to one of 
the (N) logical volume groups. In certain embodiments, step 735 is performed by a 
controller, such as controller 252 (FIG. 2), disposed in Applicants' information storage 
and retrieval system, such as system 250 (FIG. 2). If Apphcants' information storage and 
retrieval system determines in step 725 that the current base logical volume does not 
differ from the original base logical volume, then the method transitions from step 725 to 
step 735. 

If Applicants' iiiformation storage and retrieval system detamines in step 720 
that the request of step 610 does not comprise assigning a current base logical volume, 
then the method transitioiis from step 720 to step 740 wherein the information storage 
and retrieval system determines if the request of step 610 comprises unassigning a current 
base logical volume associated with a PAV. In certain embodiments, step 740 is 
paforaied by a controller, such as controller 252 (FIG. 2), disposed in Applicants' 
information storage and retrieval system, such as system 250 (FIG. 2). If the information 
storage and retrieval system determines in step 740 that the request comprises 
unassigning a current base logical volume, then the method transitions from step 740 to 
step 745 wherein the information storage and retrieval system determines if the cuirent 
base logical volume associated with the PAV differs from the original base logical 
volume. In certain embodiments, step 745. is performed by a controller, such as 
controller 252 (FIG. 2), disposed in Applicants' information storage and retrieval system, 
such as system 250 (FIG. 2). 
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If Applicants' information storage and retrieval system determines in step 745 
that the current base logical volume differs from the original base logical volume, then 
the method transitions from step 745 to step 750 wherein the information storage and 
retrieval system reassigns the PAV's alias to the original base logical volume. In certain 
embodiments, step 750 is performed by a controller, such as controller 252 (FIG. 2), 
disposed in Applicants' information storage and retrieval system, such as system 250 
(FIG. 2). Applicants' method transitions from step 750 to step 755 wherein the 
information storage and retrieval system unassigns the current base logical volume. In 
certain embodiments, step 735 is performed by a controller, such as controller 252 (FIG. 
2), disposed in Applicants' information storage arid retrieval system, such as system 250 
(FIG. 2). If Applicants' information storage and retrieval system determines in step 745 
that the current base logical voluihe does not differ from the origuial base logical volume, 
then the method transitions from step 745 to step 755. 

If Applicants' information storage and retrieval system determines in step 740 
that the request of step 610 does not comprise imassigning an original base logical 
volume associated with a PAV, then the method transitions from step 740 to step 760 
wherein the information storage and retrieval system determines if the request of step 610 
comprises deleting a current base logical volume associated with a PAV. In certain 
embodiments, step 760 is performed by a controller, such as controller 252 (FIG. 2), 
disposed in Applicant' information storage and retrieval system, such as system 250 
(FIG. 2). If the information storage and retrieval S3^tem determines in step 760 that the 
request comprises deleting the current base logical volume, then the method transitions 

tUC920030139USl 30 



from step 760 to step 770 wherein the information storage and retrieval system 
determines if the current base logical volume differs from the original base logical 
volume associated with the PAV. In certain embodiments, step 770 is perforaied by a 
controller, such as controller 252 (FIG. 2), disposed in Applicants' information storage 
and retrieval system, such as system 250 (FIG. 2). 

If Applicants' information storage and retrieval system deteraiines in step 770 
that the current base logical volume differs from the original base logical volume, then 
the method transitions from step 770 to step 780 wherein the information storage and 
retrieval system reassigns the PAV's alias to the original base logical volume. In certain 
embodiments, step 780 is performed by a controller, such as controller 252 (FIG. 2), 
dispoised in Applicants' information storage and retrieval system, such as system 250 
(FIG. 2). Applicants' method transitions from step 780 to step 790 wherein the 
information storage and retrieval system deletes the current base logical volume. In 
certain embodiments, step 790 is performed by a controller, such as controller 252 (FIG. 
2), disposed in Applicants' information storage and retrieval system, such as system 250 
(FIG, 2). If Applicants' information storage and retrieval system detennines in step 760 
that the current base logical volume does not differ from the original base logical volume, 
then the method transitions from step 770 to step 790. If Applicants' method determines 
in step 760 that the request does not coniprise deleting a current base logical volume, then 
the method transitions from step 760 to step 795 and ends. 
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The embodiments of Applicants' method recited in FIGs. 3, 4, 6, and/or 7, may be 
implemoited separately. Moreover, in certain embodiments, individual steps recited in 
FIGs. 3, 4, 6, and/or 7, maybe combined, eliminated, or reordered. 

In certain embodiments. Applicants' invention includes instructions residing in 
5 non-volatile memory 254 (FIG. 2), where those instructions are executed by controller 
252 (FIG. 2) to performs steps 330, 340, 350, 360, 370, 380, and 390, recited in FIG. 3, 
steps 410 through 480 recited in FIG. 4, steps 610 through 690 recited in FIG. 6, and/or 
steps 710 through 795 recited in FIG. 7. In other embodiments. Applicants' invention 
includes instructions residing in any other computer program product, where those 
instructions are executed by a computer external to, or internal to, systan 200, to perfonn 
steps 330, 340, 350, 360, 370, 380, and 390, recited in FIG. 3, stq)s 410 tfirough 480 
recited in FIG. 4, steps 610 through 690 Kicited in FIG. 6, and/or steps 710 dirough 795 
recited in FIG. 7. In either case, the instructioiis may be encoded in an information 
storage miedium comprising, for example, a inagnetic information storage medium, an 
optical information storage mediuin, ah electronic information storage medium, and the 
like. By "electronic storage media," Applicants mean, for example, a device such as a 
PROM, EPROM, EEPROM, Flash PROM, compactflash, smartmedia, and the like. 

While the preferred embodiments of the priesent invention have been illustrated in 
detail, it should be apparent tiiat modifications and adaptations to those embodiments 
may Occur to one skilled in the art without departing from the scope of the present 
invention as set fortii in the following claims. 
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